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(54) Optical amplifier repeater 

(57) An optical amplifier repeater having: a first opti- 
cal amplifier that amplifies main signal light and supervi- 
sory signal light transmitted on an up optical-fiber 
transmission line; a second optical amplifier that ampli- 
fies main signal light and supervisory signal light trans- 
mitted on a down optical-fiber transmission line: a 
transfer unit that transfers part of supervisory signal 
light transmitted on the up optical-fiber transmission line 
onto the down optical-fiber transmission line, and trans- 
fers part of supervisory signal light transmitted on the 
down optical-fiber transmission line onto the up optical- 



fiber transmission line. The transfer unit has an optical 
amplifier output side transfer unit that transfers supervi- 
sory signal light reflected by a first light-reflecting device 
inserted to the output side of the first optical amplifier to 
the output side of the second optical amplifier, and 
transfers supervisory signal light reflected by a second 
light-reflecting device inserted to the output side of the 
second optical amplifier to the output side of the first 
optical amplifier. 



FIG. 5 



CM 
< 

in 

(N 
5 

o 

Ul 



UP QPTCAL-FBER 
TRANSMISSION LINE 

WPUT 



DOWN OPTICAL -FBER 
TRANSMSSON LINE 



OUTPUT 



I OPTICAL AMPLIFIER^ REPEATER 

3a OPTICAL COUPLER 

4a OPTICAL ATTOUATOR 

5. LIGHT -REFLECTING *€ANS 

6b REFLECTIONS SS TERKSMAL 

"1 

OUTPUT 




Priraod Dy Xerox (UK) Business Services 
2.t6.7/3.6 



N.<UYrar>. <ep 09&1216A2 1 > 



1 



EP0 961 215A2 



2 



Descripti n 

FIELD OF THE INVENTION 

[00O1] This invention relates to an optical amplifier s 
repeater that is inserted into the optica) transmission 
line to compensate the attenuation of optical signal on 
the optical transmission line and to supervise the optical 
transmission line. 

BACKGROUND OF THE INVENTION 

[0002] As a prior an to the invention, for example, Jap- 
anese patent application laid-open No.6-204949(1994) 
(hereinafter referred as 'prior art 1") titled "Optical Trans- 
mission System" discloses an optical amplff ier repeater. 
[0003] FIG.1 is a block diagram showing the composi- 
tion ol the optical amplifier repeater in prior art 1. In 
FIG.1 . 1 is the optical amplifier repeater 2a is a first opti- 
cal amplifier, 2b is a second optical amplifier, 3a is a first 
optical coupler, 3b is a second optical coupler, 4a is a 
first optical attenuator, and 4b is a second optical atten- 
uator. 

[0004] Its up optical-fiber transmission line and down 
optical-fiber transmission line compose opposed lines. 
[0005] FIG.2 is a block diagram showing the operation 
of the optical amplifier repeater 1. In FIG.2, like parts 
are indicated by like reference numerals as used in 
FIG.1. Optical signals with four wavelengths of X, to X4 
transmitted through the up optical-ftoer transmission 
line are wavelength-multiplexed, and supervisory signal 
light with a wavelength ol is added thereto. 
[0006] Optical signal on the up optical-fiber transmis- 
sion line is output through the first optical coupler 3a, 
the first optical attenuator 4a and the second optical 
coupler 3b to the dom optical -fiber transmission line. 
Supervisory signal light output to the down optical-fiber 
transmission line is received and measured by a trans- 
mission terminal on the up optical-fiber transmission 
line, thereby the monitoring of the transmission line is 
conducted. 

[0007] However, in the above monitoring method 
explained in FIG.2, there is a problem described below. 
Namely, since losses at the first optical coupler 3a, the 
first optical attenuator 4a and the second optical coupler 
3b are almost equal for each wavelength, optical signal 
with wavelengths on the up optical-ftoer transmission 
line is transferred to the down optical-fiber transmission 
line while having the ratio of intensity little changed. 
Thus, main signal transferred from the up optical-f ber 
transmission line to the down optical-fiber transmission 
line interferes with main signal transferred through the 
down optical-fiber transmission line, reducing the sig- 
nal-to-noise ratio. 

[0008] Although the intensity of main signal light trans- 
ferred from the up optical-ftoer transmission fine to the 
down optical-fiber transmission line may be weakened 
sufficiently to prevent the S/N ratio from reducing, the 



intensity of supervisory signal light transferred from the 
up optical-f ber transmission fine to the down optical- 
fiber transmission line also weakens thereby. Therefore, 
there is a problem that a high-precision reception circuit 
is needed to receive such supervisory signal light. 
[0009] Furthermore, as a prior art to the invention, 
Japanese patent application laid-open N0.8- 
181656(1996) (hereinafter referred as fcrior art Z) titled 
"Monitoring Device for Optical WDM Communication 
Transmission Line" disdoses an optical amplifier 
repeater. 

[001 0] FK3.3 is a block diagram showing the composi- 
tion of the optical amplifier repeater m prior art 2. In 
FIG.3, like or corresponding parts are indicated by like 
reference numerals as used in FIG.1 and the repeated 
explanations thereof are omitted. 
[0011] Meanwhile, in all of the drawings attached to 
this specification, like or corresponding parts are indi- 
cated by like reference numerals and the repeated 
explanations thereof are omitted herein. 
[0012] In FIG.3, 20a is a first optical bandpass filter 
and 20b is a second optical bandpass filter. These opti- 
cal bandpass filters are designed to pass only supervi- 
sory signal light. 

[001 3] FIG.4 is a block diagram showing the operation 
of the optica) amplifier repeater 1 in FIG.3. Although, 
comparing with the operation in prior art 1 in FIG.2, the 
intensity of main signal light transferred from the up opti- 
cal-ftoer transmission line to the down optical-fiber 
transmission fine is attenuated by the selectivity of the 
optical bandpass filter, main signal light with wave- 
lengths near to the supervisory signal light is not suffi- 
ciently attenuated. 

[0014] This is because the transmission band of the 
optical bandpass filter is difficult to sharpen sufficiently 
(see the transmrttance of optical filter in FIG.4). There- 
fore, there is a problem that main signal light with a 
wavelength adjacent to the supervisory signal light 
leaks out transferred to the down optical-ftoer transmis- 
sion line, and interferes with main signal light transmit- 
ted through the down optical-fiber transmission line to 
deteriorate its characteristic. 

[001 5] In order to prevent the characteristic from dete- 
riorating, the wavelength of supervisory signal light is 
necessary to locate apart from the wavelength of man 
signal light. However, for that purpose, it is required to 
widen the amplification wavelength band of the optical 
amplifier. 

SUMMARY OF THE INVENTION 

[0016] Accordingly, it is an object of the preferred 
embodiments of the invention to provide an optical 
amplifier repeater in which only supervisory signal light 
can be transferred from the up optical-ftoer transmission 
line to the down optical-fiber transmission line. 
[0017] It is a further object of the preferred embodi- 
ments of the invention to provide an optical amplifier 
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repeater in which supervisory signal light to the 
opposed transmission line from both the output side and 
input side of an optical amplifier, while in the conven- 
tional device supervisory signal tight is transferred to the 
opposed transmission line from only the output side of 5 
the optical amplif ier. 

[0018] It is a still further object ol the preferred embod- 
iments of the invention to provide an optical amplifier 
repeater in which the return tircuit between the up and 
down optical-fiber transmission lines is connected by 10 
one optical transmission line, while in the conventional 
device it is connected by two optical transmission lines. 
[001 9] According to the invention an optical amplifier 
repeater comprises: ^ 

a first optical amplifier that amplifies main signal 
light and supervisory signal light transmitted on an 
up optical-fiber transmission line; 
a second optical amplifier that amplifies main signal 
light and supervisory signal light transmitted on a so 
down optical-f ber transmission line; 
a transfer means that transfers part of supervisory 
signal light transmitted on the up optical-fiber trans- 
mission line onto the down optical-fiber transmis- 
sion line, and that transfers part ol supervisory 25 
signal light transmitted on the down optical-ftoer 
transmission line onto the up optical-fber transmis- 
sion line; 

wherein the transfer means comprises an optical 
amplifier output side transfer means that transfers so 
supervisory signal light reflected by a first light- 
reflecting means inserted to the output side of the 
first optical amplifier to the output 6ide of the sec- 
ond optical amplif ier, and transfers supervisory sig- 
nal light reflected by a second light-reflecting » 
means inserted to the output side of the second 
optical amplifier to the output side of the first optical 
amplifier. 

[0020] According to another aspect of the invention. * 
an optical amplifier repeater, comprises: 

a first optical amplifier that ampfflies main 6ignal 
light and supervisory signal light transmitted on an 
up optical-fiber transmission line; 
a second optical amplifier that amplifies main signal 
light and supervisory signal light transmitted on a 
down cptical-ftoer transmission line; 
a transfer means that transfers part of supervisory 
signal light transmitted on the up optical-ftoer trans- 
mission line onto the down optical-fiber transmis- 
sion line, and that transfers part of supervisory 
signal light transmitted on the down optical-liber 
transmission line onto the up optical-fber transmis- 
sion line: 

wherein the transfer means comprises an optical, 
amplifier input side transfer means that transfers 
supervisory signal tight reflected by a third light- 



reflecting means inserted to the input side of the 
first optical amplifier to the output side of the sec- 
ond optical amplifier, and transfers supervisory sig- 
nal light reflected by a fourth light-reflecting means 
inserted to the input side of the second optical 
anplif ier to the output side of the f irst optical ampli- 
fier. 

[0021] According to another aspect of the invention, 
an optical amplifier repeater, comprises: 

a first optical amplifier that amplifies main signal 
light and supervisory signal light transmitted on an 
up optical-f ber transmission line; 
a second optical amplifier that amplifies main signal 
light and supervisory signal tight transmitted on a 
down optical-fiber transmission line; 
a transfer means that transfers part of supervisory 
signal light transmitted on the up optical-fiber trans- 
mission line onto the down optical-fiber transmis- 
sion line, and that transfers part of supervisory 
signal tight transmitted on the down optical-ftoer 
transmission line onto the up optical-fiber transmis- 
sion line; 

wherein the transfer means comprises an optical 
amplifier output side transfer means that transfers 
supervisory signal light reflected by a fist light- 
reflecting means inserted to the output side of the 
first optical amplifier to the output side of the sec- 
ond optical amplifier, and transfers supervisory sig- 
nal light reflected by a second light-reflecting 
means inserted to the output side of the second 
optical amplifier to the output side of the first optical 
amplifier, and an optical amplifier input side transfer 
means that transfers supervisory signal light 
reflected by a third light-reflecting means inserted 
to the input side of the first optical amplifier to the 
output side of the second optical amplifier, and 
transfers supervisory signal fight reflected by a 
fourth light-reflecting means inserted to the input 
side of the second optical amplifier to the output 
side of the first optical amplifier. 

[0022] Accorolng to another aspect of the invention, 
an optical amplifier repeater, comprises: 

a first optical amplifier that amplifies main signal 
light and supervisory signal light transmitted on an 
up optical-ftoer transmission line; 
a second optical amplif ier that amplif ies main signal 
light and supervisory signal light transmitted on a 
down optical-ftoer transmission line; 
a transfer means that transfers part of supervisory 
signal light transmitted on the up optical-f iber trans- 
mission line onto the down optical-ftoer transmis- 
sion line, and that transfers part of supervisory 
signal light transmitted on the -down optical-fber 
transmission tine onto the up optical-ftoer transmis- 
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sionline: 

wherein the transfer means comprises a first light- 
reflecting means that is connected to the forward 
output port of the second-order side transmission 
line of a first optical coupler disposed on the output 5 
side of the f'rst optical amplifier, a second light- 
reflecting means that is connected to the forward 
output port of the second-order side transmission 
line of a second optical coupler disposed on the 
output side of the second optical amplifier, a third to 
light-reflecting means that is connected to the for- 
ward output port of the second-order side transmis- 
sion line of a third optical coupler disposed on the 
input side of the first optical amplifier, a fourth light- 
reflecting means that is connected to the forward 15 
output port of the second-order side transmission 
line of a fourth optical coupler disposed on the input 
side of the second optical amplifier, an optical trans- 
mission line that connects between the reverse out- 
put port of the second-order side transmission line 20 

of the fourth optical coupler and the reverse output 
port of the second-order side transmission line of 
the first optical coupler, and an optical transmission 
line that connects between the reverse output port 
of the second-order side transmission line of the 2s 
second optical coupler and the reverse output port 
of the second-order side transmission line of the 
third optical coupler. 

[0023] A further broad aspect of the invention is as set bo 
out in claim 1. 

[0024] Preferred features of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which:- 

FIG.1 is a block diagram showing the conventional 
optical amplif ier repeater in prior art 1 , 
FIG2 is a block diagram showing the operation of 
the optical amplifier repealer in FIG.1 , 
FIG.3 is a block diagram showing the other conven- *o 
tional optical ampimer repeater in prior art 2. 
FtG.4 is a block diagram showing the operation of 
the optical amplifier repeater in FIG.3, 
FIG.5 is a block diagram showing am optical ampli- 
fier repeater in a first preferred embodiment accord- 45 
ing to the invention, 

FIG.6 is a block diagram showing the operation of 
the optical amplifier repeater in FIG.5. 
FIG.7 is a block diagram showing an example of a 
transmission-line monitoring method using the opti- so 
cal amplifier repeater of the invention, 
FIG* is an operation time chart showing the wave- 
form of transferred supervisory signal light 
observed at terminal equipment 
FIG.9 is a block diagram showing an optical ampli- ss 
lier repeater in a second preferred embodiment 
according to the invention, 
FIG.10 is a block diagram showing an optical ampli- 



fier repeater in a third preferred embodiment 
according to the invention. 
FIG.1 1 is a block diagram showing an optical ampB- 
tier repeater in a fourth preferred embodiment 
according to the invention. 
FIG.12 is a block diagram showing an optical ampD- 
fier repeater in a fifth preferred embodiment accord- 
ing to the invention. 

FIG.13 is a block diagram showing an optical ampli- 
fier repeater in a sixth preferred embodiment 
according to the invention, 
FIG.14 is a block diagram showing an optical ampli- 
fier repeater in a seventh preferred embodiment 
according to the invention, 
FIG. 1 5 is a block diagram showing an optical ampli- 
lier repeater in an eighth preferred embodiment 
according to the invention, 
FIG. 16 is a block diagram showing an optical ampli- 
fier repeater in a ninth preferred embodiment 
according to the invention, 
FIG.1 7 is a block diagram showing an optical ampli- 
fier repeater in a tenth preferred embodiment 
according to the invention, 
FIG. 18 is a block diagram showing an optical ampli- 
fier repeater in an eleventh preferred embodiment 
according to the invention, and 
FIG.19 is a block diagram showing an optical ampli- 
fier repeater in a twelfth preferred embodiment 
according to the invention. 

nPRHRIPTlON npTHP PREFERRED EMBODI; 
ME NTS 



[0025] The preferred embodiments of this invention 
will be explained below, referring to the drawings. 
[0026] FIG.5 is a block diagram showing an optical 
amplifier repeater in the first preferred embodiment 
according to the invention. In FIG.5. 3c is a third optical 
coupler. 3d is a fourth optical coupler, 4c is a third opti- 
cal attenuator, 4d is a fourth optical attenuator, 5a is a 
first fight-reflecting means (which is composed of, e.g.. 
an optical grating). 5b Is a second light-reflecting 
means. 5c is a third fight-reflecting means, 5d is a fourth 
light-reflecting means, and 6a. 6b. 6c and 6d are ref lec- 
tionless terminals. 

[0027] As shown also in FIG.5. the up and down lines 
are symmetrical with each other. Therefore, in the 
explanations below, only the transferring of supervisory 
signal light from the up opticaMiber transmission line to 
the down opticaMfeer transmission line is explained. 
[0028] Also, as a matter of convenience for explana- 
tion at each optical coupler, a transmission line for mam 
signal light is called first-order side transmission line' 
and a transmission Tine optically connected to this first- 
order side transmission line is called 'second-order side 
transmission line'. 

[0029] The first-order side transmission line e 
inserted in series into the up or down optical-fiber trans- 
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mission line, and optical signal light in the «^daec- 
Jonas signal light transferred on the «P°' d «^J r 
Ser^an^misslon line is divided to the seconder 
side transmission line. 

rotOOl A port from which the divided optical signal 
5R a*SL called lonvard output port' d*e sec- 
ord Jtfside transmission line, and Its op^edpc^ 
called reverse output port" of the second-order ade 

transmission fine. ^ r%or _ 4 - rin 
l0 031] FIG.Sisat^diagramsh^ngtheopemt.on 

ot me optical amplifier repeater 1 .n FIG 5* FIG.6J0 
axplainme function of the optical coupler 3c. me**o- 
Sge connection of a presage (in the up d rertojj 
optical amplifier repeater 1-1 and a post-stage (.nlhe up 
direction) optical amplifier repeater 1-2 is shown. 
[0032] To the second-order side transm.ss.on tine of 
Ihefirst optical coupler 3a in the pre^ge^a^.- 
tier repeater 1-1 . combined main s.gnal light andi super- 
^sorysignal light are forwarded in the sarned.rect.on as 
that of light on the first-order side transrr.ss.on tine^and 
are output Irom the forward output port through the fret 
ottfoTattenuator 4a to the first light-reflecting means 

So33] Here, main signal tight passes through the 
[ight-reflecting means 5a. and is then dispersed by the 
reflectionless terminal 6a to vani6h away. 
.00341 Also, supervisory signal light is reflected by the 
icht-rellecting means 5a. passing the second-order 
s£e transmission line in the iorward di recti^ from the 
reverse output port of the second-order side transm*- 
s^e oTme\*tica. coupler 3a through the reverse 
output port of thesecorKJ-ordersWetansmssion^of 
SToptical coupler 3b. then coupled to the f.rst-«der 
side transmission line and transfened. 
roo3Sl Next, the function of the third optical coupler 3c 
of the post-stage optical amplifier repeater 1-2 is 

JSSf^Main signal light and supervisory signal l lighten 
me input side of me first optical amplifier 2a ^ the post- 
staaeoptical amplifier repeater 1-2 are coupled tome 
SXder skE transmission Hne by me third optica 
coupler 3c. passing through the third ^'^«enuator 
4c the third tight-reflecting means 5c and me thud 
reflectionless terminal 6c. Here, only supervisory signal 
light is reflected and forwarded in the reverse drectoon 
through me second-order side transmission line of the 
optical coupler 3c. Then, supervisory s.gna) light for- 
ced reXsety to me first-order side trarsm.ss.on tine 

of me optical coupler 3c is divided, passing reversely 
through me up optical-fiber transmission line to the pre- 
Tge optica, an^lrfier repeater 1-1 . output to the direc- 
tion of me down optical-fiber transmission tine through 

me second optical coupler 3b. 

[00371 FIG.7 Is a block diagram showing a monrtonng 
method in the first preferred embodimert I according ,to 
the invention. In FIG.7. 7. 8 are ^^"Z ^Z 
nal equipment 9 is an opticaMiber transmssran l.ne, 10 
te anneal transmitter. 1 1 is an optical coupler tor cou- 



pling. 12. 13 are optical amplifiers. 14 is an optical cou- 
pler tor dividing. 15rsanop1ica.bandpassf^l^ 16«an 
optical receiver. 17. 18 are optical couplers for divKJmg. 
and 19 is a transmission-line monitoring una. 
s 100381 Also in me composition in FlGJ.the up and 
down optical-fiber transmission lines are syrnmeUKal 
STeSlrther. Therefore, only me up optical-fiber 

nal equipment 7 to me optical transm.tfrece.ve termmal 

,o equipment 8 is explained below. 

poS) A.so.sirK»meoperationoime^ticala^rt,er 
repeaters i-i and 1-2 is explained already in FtG.6. me 
repeated explanations thereol are omitted. 
SS] The optical transmitters 10 In me optcaltrans- 
, 5 mil/receive terminal equipment Tgenerate tights 
different wavelengths, which are "^ated 
modulated, by different signals (DATA1 to DATA4) JThe 
of me optical transmitters 10 are multiplexed by 
Seoptical coupler 11 to give wavelength-rnurtrplexed 
20 mainsignal light supplied through me optical amplrher 
^eaSimmeopticaltran^ 
ment 8. amptilied by me optical amplHier 13 demulti- 
Saxed by *e optica, coupler 14. separated into ma.n 
Sgnal light wHh each wavelengm by the optical band- 
* pass filter 15. detected by me optical recewer 16 to 
reproduce signals (DATA1 to DATA4). 
[0O411 On me other hand, supervisory signal tight * 
Unentitled by the transmisston-line n™^"^* £ 
coupled with main signal light on the c^-fiber trans- 
«, Son line 9 by me optical coupler 17. ™ *** 
supervisory signal light is. as ^^"J^X" 
Wiethe down transmission line, d^ed !^ me opt> 
cai coupler 18. supplied into me transm.ss.on-l.ne 

monitoring unit 19. . 
35 [0042] Thetransrnission-linernonitoringuna19mon.- 

£s whemeT me optical amptilier repeater 1 operates 
^rnatiy based onthe intensity amplitude, phase, fre- 
™X and time difference information of transmitted 
Supervisory signal tight and received supennsory signal 

40 100431 FI&8 is an operation time chart showing me 
change of optical power with time of supervisory slgna 
Sn! Served by me transnissiorvtine monrtonng umt 

4£ ^T^enmereflecttonwa^^^ 

S^ngmeans5aismesameasthatofmem.rdl«ht- 

S.Sing means 5c. it is difficult to «*W^J£*Z 
lory signal tight turned back at the input P°^*"£ 
optical ampttiier 2a from supervisory s.gnal Bght turned 
so Sack at th "output point of the first optica. 

X, v11 of mefirst tight-reflecting means 5a* setdrfferent 
ftonn the reflection wavelengm W of me th.rd fight- 

ss ^vSsSrvisory signal 

L7i is used, it is transmitted through me third tight 
Siting means Sc. Therefore, no . ^'X!<S2 
light is turned back at me input port of me first optical 
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amplifier 2a and supervisory signal light is turned back 
only at the output point of the first optical amplif ier 2a. 
[0046] Also, when supervisory signal light with wave- 
length is used, it is transmitted through the first 
light-reflecting means 5a. Therefore, no supervisory 
signal light is turned back at the output point of the first 
optical amplifier 2a and supervisory signal light is 
turned back only at the input point of the first optical 
amplifier 2a. 

100471 FIG.8 shows the intensity of supervisory signal 
light thus obtained. In FIG.8. supervisory light 1 indi- 
cates supervisory signal light with wavelength X^i, 
and supervisory light 2 indicates supervisory signal light 
with wavelength X^,^ 

[0048] Supervisory signal light with wavelength X*yi 1 
and supervisory signal Oght with wavelength X 6Vl2 may 
be transmitted simultaneously and then monitored sep- 
arating by the optical filter in the transmission-line mon- 
itoring unit 19. 

[0049J In FIG.8, it is shown that the ratio of supervi- 
sory signal light of at the output side and input side of 
the optical amplifier 2a can be measured precisely. 
[0050] Although the invention is explained taking the 
preferred embodiment above as an example, it can 
incur various modifications. 

[005t] For example, although in the embodiment in 
FIG.5. the Tight-reflecting means (5a. 5b. 5c. 5d) are all 
connected to the second-order side transmission line of 
the optical coupler (3a. 3b. 3c. 3d), they may be inserted 
directly to the up and down optical-fiber transmission 
lines. However, in this case, H is designed so that only 
part of supervisory signal light rellects. 
[0052] F1G.9 is a block diagram showing an optical 
amplifier repeater in the second preferred embodiment 
according to the invention. Needless to say. light-reflect* 
ing means (5a, 5b. 5c. 5d) in FIG.9 can attain the same 
function as the light-reflecting means in FIG:5. Also, in 
this case, the second-order side transmission lines of 
the first optical coupler 3a and second optical coupler 
3b are terminated at the reflectionless terminals 6a, 6b. 
respectively. 

[0053] Although, in the first embodiment in FIG.5, 
supervisory signal light reflected by the third light- 
reflecting means is transferred to the opposed transmis- 
sion line in the pre-stage optical amplifier repeater 1, 
this transfer may be conducted inside the concerned 
optical amplif ier repeater 1. 

[0054J FIG. 10 is a block diagram showing an optical 
amplifier repeater in the third preferred embodiment 
according to the invention. In FIG.10, the fourth optical 
coupler 3d is provided and supervisory signal light 
reflected by the third light-reflecting means 5c is trans- 
ferred through the fourth optical coupler 3d to the down 
optical-fiber transmission line. 
[00551 Similarly, supervisory signal light reflected by 
the fourth light-reflecting means 5d is transferred 
through the f irst optical coupler 3a to the up optical-fiber 
transmission line. 



[0056] FIG.1 1 is a block diagram showing an optical 
ampfifier repeater in the fourth preferred embodiment 
according to the invention. In FIG.11. shown is an 
example that two light-reflecting means are cascaded, 
s A light-reflecting means 5e is cascaded to the light- 
reflecting means 5a. a light-reflecting means 5f to the 
light-reflecting means 5b. a light-reflecting means 5g to 
the light-reflecting means 5c and a light-reflecting 
means 5h to the light-reflecting means 5d. 
10 [00571 In this embodiment, degree of freedom for the 
wavelength selection of supervisory signal light can 
increase, or multiple supervisory signal lights with differ- 
ent wavelengths can be transferred. 
[0058] Further, to achieve the goal of the invention, 
is supervisory signal light only has to be transferred from 
either of the input and output points of the optical ampG- 
f ier (2a, 2b) in the optical amplifier repeater to the trans- 
mission line composing the opposed line. 
[0059] FIG.12 is a block diagram showing an optical 
20 amplifier repeater m the fifth preferred embodiment 
according to the invention. In this embodiment, the light- 
reflecting means 5a and 5b in FH3.9 are removed and 
supervisory signal light is transferred from only the input 
point of the optical amplifier (2a. 2b) to the transmission 
25 line composing the opposed line. It is evident that the 
goal of the invention can be also achieved with this com- 
position. 

[0060] FIG.13 is a block diagram showing an optical 
ampfifier repeater in the sixth preferred embodiment 
30 according to the invention. In this embodiment, the light- 
reflecting means 5c, 5d inserted directly into the trans- 
mission line in FIG.12 are inserted to the second-order 
side transmission lines of the optical couplers 3c. 3d 
that are provided additionally. This can operate like the 
35 circuit in FK3.12 H only the reflectivity of optical grating is 
increased by the coupling loss of the optical coupler. 
[0061 1 FIG.1 4 is a block diagram showing an optical 
amplifier repeater in the seventh preferred embodiment 
according to the invention. The light-reflecting means 
40 5c. 5d in FIG.9 are removed and supervisory signal light 
is transferred from only the output point of the optical 
amplifier (2a, 2b) to the transmission line composing the 
opposed line. It is evident that the goal of the invention 
can be also achieved with this composition. 
45 [0062] FIG.1 5 is a block diagram showing an optical 
amplifier repeater in the eighth preferred embodiment 
according to the invention. In this embodiment, the light- 
reflecting means 5a, 5b inserted directly into the trans- 
mission line in FIG.14 are inserted to the second-order 
so side transmission lines of the optical couplers 3a 3b. 
This can operate like the circuit in FIG.14 *rf only the 
ref lectivity of optical grating is increased by the coupling 
loss of the optical coupler. 

[0063] FIG.1 6 is a block diagram showing an optical 
55 amplifier repeater in the ninth preferred embodiment 
according to the invention. Although in the composition 
in FIG.13, supervisory signal light reflected by the light- 
reflecting means 5c 5d is transferred to the transmis- 
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sion line composing the opposed line in the pre-stage 
optical amplifier repeater 1 , in this embodiment, through 
the optical couplers 3c. 3d. it may be transferred to the 
transmission line composing the opposed Dne inside the 
concerned optical amplifier repeater 1 . 5 
[0064] FIG. 17 is a block diagram showing an optical 
amplifier repeater in the tenth preferred embodiment 
according to the invention. In this embodiment, the light- 
reflecting means 5c, 5d inserted directly into the trans- 
mission line in FIG 16 are inserted to the second-order io 
side transmission lines of the optical couplers 3c. 3d. 
This can operate like the circuit in FIG. 16 if only the 
reflectivity of optical grating is increased by the coupling 
loss of the optical coupler. 

[0065] FIG. 1 8 is a block diagram showing an optical ib 
amplifier repeater in the eleventh preferred embodiment 
according to the invention. Different from the circuit in 
FIG.16 that part of supervisory signal light is reflected at 
the input point of the optical amplifier 2a. 2b by the light- 
reflecting means 5c. 5d, in this embodiment part of so 
supervisory signal fight is reflected at the output point of 
the optical amplifier 2a. 2b by the light-reflecting means 
5a, 5b. 

[0066] FIG. 19 is a block diagram showing an optical 
amplifier repeater in the twelfth preferred embodiment 25 
according to the invention. In this embodiment, different 
from the eleventh embodiment the light-reflecting 
means 5a. 5b inserted directly to the transmission line 
in FIG. 18 are inserted to the second-order side trans- 
mission line of the optical couplers 3a. 3b. so 
[0067] Meanwhile, the light-rellecting means used in 
the invention can be an optical grating, which may have 
a sharp wavelength characteristic to ref lectrvrty using an 
optical fiber grating or optical waveguide grating. 
[0068] Further the wavelength of supervisory signal 35 
light used for the up optical fiber transmission line may 
be the same as or different from that used for the down 
opticaMiber transmission line. 

Advantages o1 the invention: 40 

[0069] In this invention, only supervisory signal light is 
transferred to the opposed line by optical grating. There- 
fore, supervisory signal light can be transferred without 
affecting main signal light. 45 
[0070] Also, since the reflection wavelength band of 
the optical grating is sharpened, the wavelength of 
supervisory signal light may be close to the wavelength 
of main signal light. 

[0071] Furthermore, since supervisory signal light can so 
be transferred to the opposed line from both the output 
and input sides of an optical amplifier, the input power, 
output power and amplification gain of the optical ampli- 
fier can be also monitored. 

[0072] Although the invention has been described with 55 
respect to specific embodiments for complete and clear 
disclosure, the appended claims are not to be thus lim- 
ited but are to be construed as embodying all modifica- 



tions and alternative constructions that may occur to 
one skilled in the art which fairly fall within the basic 
teaching herein set forth. 

[0073] Each feature disclosed in this specification 
(which term includes the claims) and/or shown in the 
drawings may be incorporated in the invention inde- 
pendently of other disclosed and/or illustrated features. 
[0074] The text of the abstract filed herewith is 
repeated here as part of the specification. 
[0075] An optical amplifier repeater having: a first opti- 
cal ampl/f ier that amplifies main 6ignal light and supervi- 
sory signal tight transmitted on an up optical-fiber 
transmission tine; a second optical amplifier that ampli- 
fies main signal light and supervisory signal light trans- 
mitted on a down optical-fiber transmission line; a 
transfer unit that transfers part of supervisory signal 
light transmitted on the up optical-fiber transmission fine 
onto the down optical-fiber transmission line, and trans- 
fers part of the supervisory signal light transmitted on 
the down optical-fiber transmission line onto the up opti- 
cal-fiber transmission line. The transfer unit has an opti- 
cal amplifier output side transfer unit that transfers 
supervisory signal light reflected by a first light-reflect- 
ing device inserted to the output side of the first optical 
amplifier to the output side of the second optical ampli- 
fier, and transfers supervisory 6ignal light reflected by a 
second light-reflecting device inserted to the oufcurt side 
of the second optical amplifier to the output side of the 
first optical amplifier. 

Claims 

1 . An optical amplifier repeater, comprising: 

a first optical amplifier that amplifies main sig- 
nal light and supervisory signal light transmit- 
ted on an up optical -fiber transmission line; 
a second optical amplifier that amplifies main 
signal fight and supervisory signal light trans- 
mitted on a down optical-fiber transmission 
line; 

a transfer means that transfers part of supervi- 
sory signal light transmitted on said up optical- 
ftoer transmission line onto said down optical- 
fiber transmission line, and that transfers part 
of supervisory signal light transmitted on said 
down optical-fiber transmission line onto said 
up optical-fiber transmission fine, the tranter 
means transferring, from each transmission 
line to the other transmission line, supervisory 
signal light reflected by at least one light- 
reflecting means associated with said each 
optical-ffoer transmission line. 

2. An optica) amplifier repeater, comprising: 

a first optical amplifier that amplifies main sig- 
nal fight and supervisory signal light transnrvt- 
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ted on an up opticai-fber transmission line; 
a second optical amplifier that amplifies main 
signal light and supervisory signal light trans- 
mitted on a down optical-fiber transmission 

fine; . 5 M 

a transfer means that transfers part of supervi- 4. 
sory signal light transmitted on said up optical- 
liber transmission line onto said down optical- 
fiber transmission line, and that transfers part 
of supervisory signal light transmitted on said to 
down optical-fiber transmission line onto said 
up optical-fiber transmission line; 
wherein said transfer means comprises an 
optical amplifier output side transfer means 
that transfers supervisory signal light reflected *5 
by a first light-reflecting means inserted to the 
output side of said first optical amplifier to the 
output side of said second optical amplifier, and 
transfers supervisory signal light reflected by a 
second light-reflecting means inserted to the so 
output side of said second optical amplifier to 
the output side of said first optical amplifier. 

An optical amplifier repeater, according to claim 2 
wherein: 25 

said first light-reflecting means is inserted in 
series to said up optical-fiber transmission line; 
said second light-reflecting means is inserted 
in series to said down optical-fiber transmission so 
fine; 

a first optical coupler is inserted between said 
first optical amplifier and said lirst light-reflect- 
ing means; 

a second optical coupler is inserted between 35 
said second optical amplifier and said second 
light-reflecting-means; 

supervisory signal light reflected by said first 
light-reflecting means is divided to the second- 
order side transmission line by said first optical 40 
coupler and then is led through an optical 
transmission line connecting between the sec- 
ond-order side transmission line of said first 
optical coupler and the second-order side 
transmission line of second optical coupler to 45 
the second-order side transmission line of said 
second optical coupler where supervisory sig- 
nal light is coupled to the first-order side trans- 
mission line of said second optical coupler; and 
supervisory signal light reflected by said sec- so 
ond light-reflecting means is divided to the sec- 
ond-order side transmission line by said 
second optical coupler and then is led through 
the optical transmission, line connecting 
between the second-order side transmission ss 
line of sad first optical coupler and the second- 
order side transmission line of second optical 
coupler to the second-order side transmission 



line of said first optical coupler, where supervi- 
sory signal light is coupled to the first-order 
side transmission line ol said first optical cou- 
pler. 

An optical amplifier repeater according to claim 2 
wherein: 

said first light-reflecting means is connected to 
the forward output port or the second-order 
side transmission line of said f irst optical cou- 
pler disposed on the output side of said first 
optical amplifier; 

said second light-reflecting means is con- 
nected to the forward output port of the second- 
order side transmission line of said second 
optical coupler disposed on the output side of 
said second optical amplifier; 
supervisory signal light reflected by said first 
light-reflecting means is led from the second- 
order side transmission line of said first optical 
coupler through an optical transmission line 
connecting between the reverse output port of 
the second-order side transmission fine of said 
f irst optical coupler and the reverse output port 
of the second order side transmission line of 
said second optical coupler to the second- 
order side transmission line of said second 
optical coupler, where-supervisory signal light 
is optically coupled to the first-order side trans- 
mission line of said second optical coupler; and 
supervisory signal light reflected by said sec- 
ond light-reflecting means is led from the sec- 
ond-order side transmission line of said second 
optical coupler through the optical transmission 
line connecting between the reverse output 
port of the second-order side transmission line 
of said first optical coupler and the reverse out- 
put port of the second-order side transmission 
line of said second optical-coupler to the sec- 
ond-order side transmission line of said first 
optical coupler, where supervisory signal light 
is optically coupled to the first-order side trans- 
mission One of said f irst optical coupler. 

5. An optical amplifier repeater, comprising: 

a finst optical amplifier that amplifies main sig- 
nal light and supervisory 6ignal light transmit- 
ted on an up optical-fiber transmission fine: 
a second optical amplifier that amplifies main 
signal light and supervisory signal light trans- 
mitted on a down opticaMfoer transmission 
line: 

a transfer means that transfers part of supervi- 
sory signal light transmitted on said up optical- 
fiber transmission line onto said down optical- 
fiber transmission line, and that transfers part 
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of supervisory signal tight transmitted on said 
down optical-fiber transmission line onto said 
up optical-fiber transmission line; 
wherein said transfer means comprises an 
optical amplifier input side transfer means that § 
transfers supervisory signal light reflected by a 
third tight-reflecting means inserted to the input 
side of said first Optical amplifier to the output 
side of said second optical amplifier, and trans- 
fers supervisory signal light reflected by a w 
fourth light-reflecting means inserted to the 
input side of said second optical ampfif ier to the 
output side of said first optical amplifier. 

6. An optical amplifier repeater, according to claim 5 15 
wherein: 

said third light-reflecting means is inserted in 
series to said up optical-fiber transmission line; 
said fourth light-reflecting means is inserted in 20 
series to said down optical-fiber transmission 
line; 

supervisory signal light reflected by said third 
light -reflecting means is transferred through 
the first and second optical couplers in a pre- 25 
stage (viewing from said up optical-fiber trans- 
mission line) optical amplifier repeater to said 
down optical-fiber transmission line; and 
supervisory signal light reflected by said fourth 
light-reflecting means is transferred through so 
the f irst and second optical couplers in a pre- 
stage (viewing from said down optical-ftoer 
transmission line) optical amplifier repeater to 
said up optical-fiber transmission line. 

35 

7. An optical amplifier repeater, according to claim 5 
wherein: 

said third ligfn-r ejecting means is connected to 
the forward output port of the second-order 40 
side transmission line of a third optical coupler 
disposed on the input side of said first optical 
ampfif ier; 

said fourth fight-reflecting means is connected 
to the forward output port of the second-order 45 
side transmission line of a fourth optical cou- 
pler deposed on the input side of said second 
optical amprrfier; 

supervisory signal light reflected by said third 
light-reflecting means and then divided by said so 
third optical coupler to be led reversely through 
said up optical-fiber transmission line is trans- 
ferred to through the first and second optical 
couplers in a pre-stage (viewing from said up 
optical-fiber transmission line) optical amplifier ss 
repeater to said down optical-fiber transmis- 
sion line; and 

supervisory signal Hgjit reflected by said fourth 



light-reflecting means and then divided by said 
fourth optical coupler to be ted reversely 
through said down optical-fiber transmission 
line is transferred through the first and second 
optical couplers in a pre-stage (viewing from 
said down optical-fiber transmission line) opti- 
cal amplifier repeater to said up optical-fiber 
transmission line. 

8. An optical amplifier repeater, comprising: 

a first optical amplifier that amplifies main sig- 
nal light and supervisory signal light transmit- 
ted on an up optical-fiber transmission line; 
a second optical amplifier that amplifies main 
signal light and supervisory signal light trans- 
mitted on a down optical-fiber transmission 
line; 

a transfer means that transfers part of supervi- 
sory signal light transmitted on said up optical- 
fiber transmission line onto said down optical- 
fiber transmission line, and that transfers part 
of supervisory signal light transmitted on said 
down optical-fber transmission line onto said 
up optical-fiber transmission line; 
wherein said transfer means comprises an 
optical amplifier output side transfer means 
that transfers supervisory signal light reflected 
by a first tight -reflecting means inserted to the 
output side of said first optical amplifier to the 
output side of said second optical amplifier and 
transfers supervisory signal light reflected by a 
second light-reflecting means inserted to the 
output side of said second optical amplifier to 
the output side of said first optical amplifier, and 
an optical amplifier input side transfer means 
that transfers supervisory signal light reflected 
by a third light-reflecting means inserted to the 
input side of said first optical amplifier to the 
output side of said second optical amplifier, and 
transfers supervisory signal light reflected by a 
fourth light-reflecting means inserted to the 
input side of said second optical amplifier to the 
output side of said first optical amplifier. 

9. An optical amplifier repeater, according to claim 8, 
wherein: 

said first light-reflecting means is connected to 
the forward output port of the second-order 
side transmission line of said first optical cou- 
pler disposed on the output side of said first 
optical amplifier; 

said second light-reflecting means is con- 
nected to the forward output port of the second- 
order side transmission tine of said second 
optical coupler disposed on the output side of 
sakj second optical amplifier; 
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supervisory signal light reflected by said first 
light-reflecting means is ted from the second- 
order side transmission line of said first optical 
coupler through an optical transmission line 
connecting between the reverse output port of 5 
the second-order side transmission line of said 
f irst optical coupler and the reverse output port 
of the second-order side transmission line of 
said second optical coupler to the second- 
order side transmission line of said second 10 
optical coupler, where supervisory signal light 
is optically coupled to the first order side trans- 
mission line of said second optical coupler ; 
supervisory signal Oght reflected by said sec- 
ond light-reflecting means is led from the sec- 15 
ond -order side transmission line of said second 
optical coupler through the optical transmission 
line connecting between the reverse output 
port of the second-order side transmission line 
of said first optical coupler and the reverse out- 20 
put port of the second-order side transmission 
line of said second optical coupler to the sec- 
ond-order side transmission line of said first 
optical coupler where supervisory signal light is 
optically coupled to the first-order side trans- 25 
mission line of said first optical coupler; 
said third light-reflecting means is connected to 
the forward output port of the second-order 
side transmission fine of a third optical coupler 
disposed on the input side of said f irst optical so 
amplifier; 

said fourth light-reflecting means is connected 
to the forward output port of the second-order 
side transmission line of a fourth optical cou- 
pler disposed on the input side of sad second 35 
optical amplifier; 

supervisory signal light reflected by said third 
light-reflecting means and then divided by said 
third optical coupler to be led reversely through 
said up opticaMtoer transmission line is trans- u> 
ferred to through the first and second optical 
couplers in a pre-stage (viewing from said up 
optical-fiber transmission line) optical amplifier 
repeater to said down optical-fiber transmis- 
sion line: and 45 
supervisory signal light reflected by said fourth 
light-reflecting means and then divided by said 
fourth optical coupler to be led reversely 
through said down optical-fiber transmission 
line is transferred through the first and second so 
optical couplers in a pre-stage (viewing from 
said down optical-fiber transmission line) opti- 
cal amplifier repeater to said up optical-fber 
transmission line. 

55 

10. An optical arrplifier repeater, comprising 

a first optical amplifier that amplifies main sig- 



nal light and supervisory signal light transmit- 
ted on an up optical-f iber transmission One; 
a second optical amplifier that amplifies main 
signal light and supervisory signal Oght trans- 
mitted on a down optical-fiber transmission 
line; 

a transfer means that transfers part of supervi- 
sory signal light transmitted on said up optical- 
fiber transmission line onto said down optical- 
fiber transmission line, and that transfers part 
of supervisory signal light transmitted on said 
down optical-fiber transmission line onto said 
up optical-fiber transmission line; 
wherein said transfer means comprises a first 
light-reflecting means that is connected to the 
forward output port of the second-order side 
transmission line of a first optical coupler dis- 
posed on the output side of said first optical 
amplifier, a second light-reflecting means that 
is connected to the forward output port of the 
second-order side transmission line of a sec- 
ond optical coupler disposed on the output side 
of said second optical amplifier, a third light- 
reflecting means that is connected to the for- 
ward output port of the second-order side 
transmission line of a third optical coupler dis- 
posed on the input side of said first optical 
amplifier, a fourth light-reflecting means that is 
connected to the forward output port of the sec- 
ond-order side transmission line of a fourth 
optical coupler disposed on the input side of 
said second optical amplifier, as optical trans- 
mission line that connects between the reverse 
output port of the second-order side transmis- 
sion line of said fourth optical coupler and the 
reverse output port of said first optical coupler, 
and an optical transmission line that connects 
between the reverse output port of the second- 
order side transmission line o1 said second 
optical coupler and the reverse output port of 
the second-order side transmission line of said 
third optical coupler. 

11. An optical amplifier repeater, according to claim 2. 
5, 8 or 10, wherein said light-reflecting means are 
composed of an optical grating. 

12. An optical amplifier repeater, according to claim 1 1 , 
where* said optical grating is an optical fiber grat- 
ing or an optical waveguide grating. 

13. An optical amplifier repeater, according to claim 1 1 . 
wherein said optical grating is connected to the sec- 
ond-order side transmission line of and optical cou- 
pler, connected in series to an optical attenuator at 
one end, and terminated by a reflectionless termi- 
nal at another end. 
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14. An optical amplifier repeater, according to claim 1 1 , 
wherein part or all of said optical grating is com- 
posed of a cascade of multiple optical gratings with 
different reflection wavelengths. 

5 

15. An optical amplifier repeater, according to claim 8 
or 10. wherein trie reflection wavelength of said f irst 
light-reflecting means is different from that of third 
light-reflecting means, and the reflection wave- 
length of said second light-reflecting means is dif- 10 
ferent from that of said fourth light-reflecting means. 

16- An optical amplifier repeater, according to claim 2, 
5, 8 or 10, wherein the reflection wavelength of said 
first light-reflecting means is set different from that 15 
of said second light-reflecting means. 

17. An optical amplifier repeater, according to claim 3. 
4, 6, 7, 9 or 10, wherein said optical couplers have 
the first-order side transmission line inserted in 20 
series to said up or down optical-fiber transmission 
line, wherein light transmitted through thefirst-order 
side transmission line is dvided coupled to the sec- 
ond-order side transmission line, a connectionless 
port on the second-order side transmission line zs 
being terminated by a reflectionless terminal, and 
light transmitted through the second-order side 
transmission line is divided coupled to the first- 
order side transmission line. 

30 

18. An optical amplifier repeater, according to claim 2, 
5, 8 or 10, wherein said supervisory signal light is 
light modulated by a proper modulation. 
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